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ABSTRACT 

Four medicinal plants, namely Artemisia herba-alba, Lantana camara, 

Allium sativum and Eucalyptus camaldulensis, were screened for 

potential antibacterial activity against Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa. The antibacterial activity was 

determined in aqueous and alcoholic extracts using agar disc diffusion 

method. The minimal inhibitory concentration (MIC) of the plant 

extracts against selected bacteria were assessed using microdilution 

method. The synergistic effect between plants and extraction of 

antibiotics was assessed using disk diffusion method. The results of 

this study showed that ethanolic extracts used against E. coli, S. aureus  

and P. aeruginosa were showed antimicrobial and synergistic effect with most antibiotics 

better than methanolic and aquatic extracts. The results of this study showed that there is a 

decrease in MIC in case of methanolic extract of E. camaldulensis against E. coli (3.125 

mg/ml), and the methanol and aquatic extract of F. sycomorus (leaves) against S. aureus 

varying from 6.25 to 3.125 mg/ml, and the ethanol extract of E. camaldulensis against P. 

areuginosa (6.25 mg/ml). Thereby, our results indicate the possibility of using these extracts 

in the treatment of bacterial infections, and the results of this study was encouraging, despite 

the need for clinical studies to determine of the real effectiveness and potential toxic effects 

in vivo. These results was revealed the importance of plant extracts when associated with 

antibiotic and in control of bacteria. 
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INTRODUCTION 

The discovery of antibiotics was an essential part in combating bacterial infections that once 

ravaged humankind. Different antibiotics exercise their inhibitory activity on different 

pathogenic organisms.
[1]

 But in recent years, multiple drug resistance in human pathogenic 

microorganisms has developed due to indiscriminate use of commercial antimicrobial drugs 

commonly used in the treatment of infectious diseases. The development of antibiotic 

resistance is multifactorial, including the specific nature of the relationship of bacteria to 

antibiotics, the usage of antibacterial agent, host characteristics and environmental factors. 

This situation has forced scientists to search for new antimicrobial substances from various 

sources as novel antimicrobial chemotherapeutic agents. but the cost production of synthetic 

drugs is high  and they produce adverse effects compared to plant derived drugs.
[2]

  

 

For these reasons, medicinal plants are important substances for the study of their traditional 

uses through the verification of pharmacological effects and can be natural composite sources 

that act as new anti-infectious agents.
[3] 

 

And it is thought that their influences on the environment are few and can be used as 

biological control agents. However, some medicinal herbs for some reasons have not found 

wider application and sometimes are referred as ‘forgotten plants’. Taking into account the 

increasing demand for natural ingredients that might be used as food additives, components 

of functional foods, preventing plant diseases and nutraceuticals as well as for other 

applications, it is reasonable to revise the ‘forgotten plants’ by assessing their applicability 

and benefits using modern scientific analysis methods.
[4] 

 

Some Palestinian plants exhibit significant potency against human bacterial pathogens. 

However, at present, plant extracts are rarely used as antimicrobials or as a systemic 

antibiotics and this may be due to their low level of activity, especially against gram-negative 

bacteria.
[5] 

 

In this research we used some medicinal plant including A. herba-alba, L. camara,  A. 

sativum and E. camaldulensis and its influence on S. aureus,  P. aeruginosa, E. coli and then 

was search for synergies between these plants and some antibiotic and then determining the 

MIC of the plant extract. 



www.wjpps.com                             Vol 5, Issue 2, 2016.                                            

            

 

25 

Jouda et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

MATERIAL AND METHODS 

Plant Materials: The plant materials used in this study consisted of Artemisia herba alba 

(leaf), Lantana camara (leaf),  Allium sativum (bulb), Eucalyptus camaldulensis which are 

growing in Palestine. These plants collected from different areas in Gaza strip. 

 

Microorganism: Pathogenic strains of S. aureus, P. aeruginosa, and E. coli were obtained 

from the biolog cnei cc eace department na the Islamic University of Gaza (IUG) and  

microbiology department nai  Al-Shifa hospital, and were maintained on Brain Heart Infusion 

(BHI) agar medium at 4 ºC for further experiments. 

 

Preparation of plant extract 

The powdered materials of plants (20 g) were extracted with water (150ml, 2h) by water 

reflux and methanol and ethanol (150 ml, 8h) by soxhlet apparatus. And then the extract was 

filtered  and allowed to evaporate in oven at 45 ºC. Aquatic extract dissolved in distilled 

water, while  alcoholic extract dissolved in 10% Dimethyl sulfoxide (To prepared 200mg/ml 

as a standard concentration).
[6-7-8]

 

 

Antibiotics activity assay 

The filter paper discs (antibiotics) were  placed on the surface of a Mueller-Hinton agar that 

has been inoculated with test microorganisms. During incubation, the antibiotics diffuse 

outward from the discs creating a concentration gradient. After 18-24 hours, the zone 

diameter of inhibition is measured and reference tables are used to determine if the bacteria 

are Sensitive (S), Intermediate (I) or Resistant (R) to the antimicrobial drugs.
[3] 

 

Plant extracts activity assay 

Paper Disk Diffusion Assay: The test microorganisms were spread on MHA medium by 

with the 24h cultures of bacteria growth in nutrient broth. After solidification the filter paper 

discs (5mm in diameter)  inoculated with the test microorganisms and then impregnating with 

20µl of plant extract (concentration 200 mg/ml). The plates were subsequently incubated at 

37o C for 24 Hrs. After incubation the growth inhibition rings were quantified by measuring 

the diameter of the zone of inhibition in mm.
[9] 

 

Determination of MIC of plant extract by Micro-dilution Method 

The 96-well plates were prepared by dispensing 50 μl of Mueller–Hinton broth, into each 

well. A 50 μl from the stock solution of tested extracts (concentration of 200 mg/ml) was 
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added into the first row of the plate. Then, twofold, serial dilutions were performed by using 

a micropipette. The obtained concentration range was from 100 to 0.1953 mg/ml. And then 

added 10 μl of inocula to each well except a positive control (inocula were adjusted to 

contain approximately 1.5X10
8
 CFU/mL). Plant extract with media was used as a positive 

control and inoculum with media was used as a negative control. The test plates were 

incubated at 37 
o
C for 18 h. After 18 h 50 μl of a 0.01% solution of 2, 3, 5- triphenyl 

tetrazolium chloride (TTC) was added to the wells and the plate was incubated for another 

hour. Since the colorless tetrazolium salt is reduce to red colored product by biological active 

microorganisms, the inhibition of growth can be detected when the solution in the well 

remains clear after incubation with TTC. MIC was defined as the lowest sample 

concentration showing no color change (clear) and exhibited complete the inhibition of 

growth.
[10]

 

 

The Synergistic Effect: Commercially available antimicrobial disks (Table. 1) were applied 

on the surface of inoculated MHA by pressing slightly, and then 20μl from the extracts was 

carefully and slowly dispensed on the antibiotic disk. The plates were incubated at 37ºC for 

24 h. At the end of the period, the inhibition zone formed on the media was measured with a 

transparent ruler in mm. The diameters of inhibition  zones were measured and compared 

with that of the plant extracts alone. 

 

Table 1 list of antibiotic potency 

Antibiotics Antibiotics potency Manufactured by 

Vancomycin 30 µg Himedia, Indian 

Cefotaxime 30 µg Bioanalyse, Turkey 

Ofloxacin 5 µg Himedia, Indian 

Ceftriaxone 30 µg Himedia, Indian 

Ceftazidime 30 µg Himedia, Indian 

Tetracyclines 30 µg Bioanalyse, Turkey 

Amikacin 30 µg Bioanalyse, Turkey 

Chloramphenicol 30 µg Bioanalyse, Turkey 

Gentamicin 10 µg Bioanalyse, Turkey 

Ampicillin 10 µg Bioanalyse, Turkey 

Erythromycin 15 µg Liofilchem, Italy 

Rifampicin 30 µg Liofilchem, Italy 

Neomycin 30 µg Himedia, Indian 

Co-trimoxazole 25 µg Liofilchem, Italy 

Pencillin G 10 IU Liofilchem, Italy 

Cefazolin 30 µg Liofilchem, Italy 

Ceflexin 30 µg Himedia, Indian 

Nalidixic acid 30 µg Liofilchem, Italy 
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RESULT AND DISCUSSION 

Bacterial infectious diseases represent an important cause of morbidity and mortality 

worldwide. Therefore, the development of new antimicrobial agents for the treatment of 

bacterial infections is of increasing interest. The main objective of the present study was to 

evaluate the ability of the plants extract to inhibit the growth of pathogenic bacteria with and 

without antibiotics and non-antibiotics drugs and to determine their ability to enhance the 

activity of antibiotics or non-antibiotics drugs. Antimicrobial activity was recorded when the 

zone of inhibition is greater than 5 mm. 

 

Antibacterial Activity of the Plant Extracts 

Most tested plant extracts showed antibacterial activity against E. coli, S. aureus and P. 

aurgenosa which may reflect the antibacterial activity of plant active ingredients that inhibit 

bacterial growth. 

 

In our experiments (table 2), Artemisia herba-alba (leaves) (extracted by methanol for 8 h) 

was showed the highest effect against E. coli with a zone of inhibition = 9 mm. While, no 

antibacterial activity of most plant extracts (extracted by water for 2 h) was found against E. 

coli except with Artemisia herba-alba which showed low antimicrobial activity with a zone 

of inhibition = 6 mm, While against S. aureus the  methanolic extract of  L. camara was 

showed the highest effect with a zone of inhibition = 14 mm. Also methanolic extract of  

Eucalyptus camaldulensis leaves with a zone of inhibition 11mm were recorded against P. 

aeruginosa. 

 

Table 2 Antimicrobial activity of some medicinal plant extract 

 
Inhibition Zone (mm) 

E. coli S. aureus P. aeruginosa 

Methanol 

extract 

A. herba alba 9 8 0 

L. camara 0 14 0 

E.  camaldulensis 7 11 10 

A. sativum 0 7 0 

 

Ethanol 

extract 

A.  herba alba 7 9 8 

L. camara 0 10 0 

E. camaldulensis 8 13 8 

A. sativum 0 7 0 

 

Aqueous 

extract 

A. herba alba 6 0 7 

L. camara 0 8 0 

E.  camaldulensis 0 8 8 

A. sativum 0 0 0 
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It was noted that alcoholic extract has greater effect in the inhibition from aqueous extract, 

which may be due to the fact that alcohol is the best solvent for the active compounds 

extracted from the plant when compared with distilled water used in the case of aqueous 

extracts.
[1]

 The difference in antibacterial activity of a plant extract might be attributable to 

the age of the plant used, freshness of plant materials, physical factors (temperature, light 

water), time of harvesting of plant materials and drying method used before the extraction 

process.
[7]

 

 

As for absence of effectiveness to A. sativum on E. coli and P. aeruginosa, even they have a 

very strong synergistic effect which may probably due to overuse of garlic by human that 

may lead to increase bacterial resistance to it even it has an effective antibacterial ingredients. 

In addition, the therapeutic effect of garlic was very weakly when it was exposed to heat 

(drying), which may be explained by the fact that heat is working to break down the enzyme 

alliinase, thus preventing the conversion of a compound alliin to allicin (active compound).
[11]

 

 

MIC of plant extracts 

Microdilution method was used to determine the lowest plant extracts concentration that 

inhibiting the growth of the bacteria and found effective in the evaluation of MIC. 

 

The MIC value methanol extracts of E. camaldulensis was found as the lowest (3.125mg/ml) 

against E. coli. The ethanol extracts of E. camaldulensis and A. herba-alba gave the best 

antibacterial activity against S. aureus (6.25 mg/ ml). 

 

The MIC for A. sativum extracts against S .aureus particularly was found to be significantly 

active exhibiting the little potency with all solvents used (50 mg/ml), and this confirms of the 

need for a high concentration of garlic until affect of the bacteria. 

 

The MIC values obtained showed that ethanol extract of E. camaldulensis has the most potent 

effect against P. aeruginosa. 

 

Synergistic activity of Plants Extracts and Antibiotics 

In our study, the plant extracts had different synergistic ability to inhibit the growth of 

microorganism depending on the method of extraction. Plants antimicrobials have been found 

to be synergistic enhancers in that though they may not have any antimicrobial properties 

alone, but when they are taken concurrently with standard drugs they enhance the effect of 

that drug.
[12]

 It has been known that one of the effective approaches to overcome bacterial 
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resistance is restoration of antibiotic activity through the synergistic action of antibacterial 

materials from natural and synthesized agents.
[13]

 Drug synergism between known antibiotics 

and bioactive plant extracts is a novel concept and could be beneficial (synergistic or additive 

interaction) or deleterious (antagonistic or toxic outcome).
[5]

 Despite the abundant literature 

about the antimicrobial properties of plant extracts, none of the plant derived chemicals have 

successfully been used for clinical use as antibiotics.
[5]

 

 

Against Escherichia coli 

Amikacin showed strongest synergistic effect with most of methanol plant extracts. The 

better synergistic effect was found with Allium sativum. Whereas Co-trimoxazole, 

Cefotaxime and Nalidixic acid, respectively were showed weak synergism with methanol 

extracts. The ethanolic extract of Artemisia herba-alba was showed synergistic effect with all 

tested antibiotics except Ceftazidime that showed antagonistic effect with all ethanolic plant 

extracts.1 

 

For the aqueous extract, a combination between most plant extracts and Amikacin showed 

synergistic activity against E. coli better than other antibiotics (Table 3). 

 

Table 3. Some of synergistic effects between Antibacterial drugs and plant extracts on 

E. coli 

Antibiotic*/ Plant 

extract 

Inhibition zone (mm) 

Methanol extract Ethanol extract Water extract 

A. herba alba 9 7 6 

L. camara 0 0 0 

E.  camaldulensis 7 8 0 

A. sativum 0 0 0 

* Amikacin (10mm) 

A. herba alba 18 17 17 

L. camara 18 18 18 

E.  camaldulensis 19 21 17 

A. sativum 20 20 18 

* Ofloxacin (0mm) 

A. herba alba 8 8 0 

L. camara 0 0 0 

E.  camaldulensis 7 8 0 

A. sativum 9 7 0 

* Cephalexin (7mm) 

A. herba alba 7 10 0 

L. camara 0 0 0 

E.  camaldulensis 0 0 0 

A. sativum 0 0 0 
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* Co-trimoxazole (0mm) 

A. herba alba 0 10 8 

L. camara 7 0 7 

E.  camaldulensis 8 8 0 

A. sativum 0 0 0 

 

Against Staphylococcus aureus 

The strongest synergistic effect was with methanolic extract of Artemisia herba-alba and 

ethanolic extracts of Allium sativum with Tetracycline. 

Ofloxacin which exhibit nucleic acid synthesis inhibitor showed stronger synergistic effect 

with Allium sativum. 

 

Whereas Co-trimoxazole showed stronger synergistic activity with methanolic and ethanolic 

extracts of E.  camaldulensis (Table 4). 

 

Table 4. Some of synergistic effects between Antibacterial drugs and plant extracts on S. 

aureus. 

Antibiotic*/ Plant 

extract 

Inhibition zone (mm) 

Methanol extract Ethanol extract Water extract 

A. herba alba 8 9 0 

L. camara 14 10 8 

E.  camaldulensis 11 13 8 

A. sativum 7 7 0 

* Tetracycline (21mm) 

A. herba alba 30 27 26 

L. camara 24 25 23 

E.  camaldulensis 26 24 12 

A. sativum 27 30 27 

* Ofloxacin (20mm) 

A. herba alba 23 21 21 

L. camara 25 24 20 

E.  camaldulensis 26 24 20 

A. sativum 29 29 28 

* Amikacin (20mm) 

A. herba alba 24 24 25 

L. camara 22 24 21 

E.  camaldulensis 26 24 24 

A. sativum 25 27 25 

* Co- trimoxazole (10mm) 

A. herba alba 10 11 8 

L. camara 10 10 7 

E.  camaldulensis 14 13 11 

A. sativum 10 12 16 
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Against Pseudomonas aeruginosa 

Amikacin showed strong synergistic effect with most plant extract using methanol, ethanol 

and water as a solvent ,followed by Ofloxacin. 

 

Cell wall synthesis inhibitors such as Ceftriaxone showed weak or no synergistic activity 

against P. aeruginosa, except Ceftazidime which showed significant synergistic activity 

(Table 5). 

 

Table 5: Some of synergistic effects between Antibacterial drugs and plant extracts on 

P. aeruginosa. 

Antibiotic*/ Plant 

extract 

Inhibition zone (mm) 

Methanol extract Ethanol extract Water extract 

A. herba alba 8 9 0 

L. camara 14 10 8 

E.  camaldulensis 11 13 8 

A. sativum 7 7 0 

* Ofloxacin (0mm) 

A. herba alba 10 13 0 

L. camara 10 15 9 

E.  camaldulensis 12 10 12 

A. sativum 11 12 13 

* Amikacin (17mm) 

A. herba alba 25 25 24 

L. camara 23 21 22 

E.  camaldulensis 22 23 20 

A. sativum 22 21 20 

* Ceftazidime (9mm) 

A. herba alba 13 13 11 

L. camara 12 13 8 

E.  camaldulensis 12 13 11 

A. sativum 10 13 13 

 

CONCLUSION 

On the basis of the antibacterial assay of this study S. aureus was found the more (susceptible 

to the employed plant extracts) than E. coli and P. aeruginosa. All plant extracts  were 

evaluated for their MIC against E. coli, S. aureus and P. areuginosa, Alcoholic plant extracts 

were shown antimicrobial and synergistic activity with  antibiotics better than most aquatic 

extracts. The strongest effect against E. coli was recorded when A. sativum was mixed with 

Amikacin and Ofloxacin. And the strongest effect on S. aureus was observed when A. 

sativum was combined with Ofloxacin and Tetracycline. The strongest effect against P. 

areuginosa was observed when Ceftazidime was combined with most plant extracts. 



www.wjpps.com                             Vol 5, Issue 2, 2016.                                            

            

 

32 

Jouda et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

The results of this research work have revealed the importance of plant extracts when 

associated with antibiotics to bacteria control, which enables the use of a mixture of 

antibiotics and plant extracts against bacterial infections, when it is no longer effective by 

itself against bacterial infections during therapeutic treatment. 
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